Summary
No significant differences were observed between nude mice (nulnu) born of homozygous (nulnu) parents and those born of heterozygous (nul+) mothers in the percentage of Thy-I-positive cells or immunoglobulin (Ig)-bearing cells in the spleen as assessed by immunofluorescence. There were no significant differences in the antibody response to thymus-dependent antigen or in the number of background plaque-forming cells to this antigen. The antibody response to thymus-independent antigen was not impaired at all in mice born from homozygous parents as compared with other nude mice or euthymic mice. It was concluded that the Thy-I-bearing (T) cells observed in nulnu mice and the capacity of these mice to respond to thymus-dependent antigens arose independendy of maternal T cells and ofthe influence of the maternal thymus.
Congenitally athymic nude (nulnu) mice have been widely used since the first description by Flanagan (1966) for immunobiological studies, especially on defence mechanisms against tumour cells or microorganisms because of their deficient I-cell functions.
At first nude mice were considered to lack thymusderived (T) lymphocytes because they are athymic. Later on, however, it was reported (RatT, 1973; Loor & Roelants, 1974; that nulnu mice did in fact carry a few Thy-I-bearing cells in the spleen. Several possibilities have been suggested for the origin of these cells (RatT, 1973; Loor & Roelants, 1974; Holub, Rossman, Tlaskalova & Vidmarova, 1975; Humber, Pinder & Hetherington, 1975; Loor, Hiigg, Mayor & Roelants, 1975; Roelants et al., 1975) . Since nude mice are usually born from euthymic nul+ mothers mated with nulnu males, it is possible that maternal T lymphocytes could be transferred into nulnu foetuses through the placenta, or humoral thymic factors (Goldstein, Guha, Zatz, Hardy & White, 1972; Komuro & Boyse, 1973; Ikehara, Hamashima & Masuda, 1975; Kook, Yakir & Trainin, 1975; Schlesinger & Goldstein, 1975; Bach, Dardenne & Pleau, 1977) promoting T-cell maturation and proliferation could reach them in utero or after birth through the milk. In order to elucidate these possibilities, the immunological properties of nulnu mice born of homozygous (nulnu) parents must be compared with those of nulnu mice born from heterozygous (nul +) mothers. So far conflicting results have been reported (Hale, Hanna & Hansen, 1976; Kramer & Gershwin, 1976; Loor, Amstutz, Hiigg, Mayor & Roelants, 1976 ).
In the present paper, we examined by membrane immunofluorescence the proportion of Thy-I-positive cells and surface immunoglobulin (slg)-positive cells in the spleen of mice born of homozygous (nulnu) parents. The immunological capabilities of these mice were also examined.
Materials and methods

Animals
Congenitally athymic nude (nulnu) mice of both sexes, tentatively designated type I, were produced by matings between homozygous (nulnu) females and homozygous (nulnu) males that had been backcrossed for 4-6 generations on to a DDD strain background (Fujiwara, 1977; Fujiwara & Kariyone, 1977) . DDD mice were preferred because of their high fertility.
Nude (nulnu) mice on a BALB/c strain background were originally obtained from Dr B. Kindred of the Basel Institute for Immunology in Switzerland, and a colony was established at the Animal Breeding Unit of this Institute by mating heterozygous (nul +) females with homozygous (nulnu) males. These were tentatively designated type II nulnu mice.
All the nulnu mice were used at the age of 6-8 weeks. Female BALB/c (+1+) mice of 5 weeks old and female DDD (+ I+) mice of 6 weeks old were also used as euthymic mice. All the mice were reared and maintained under the specified-pathogen-free (SPF) conditions in the Animal Breeding Unit.
Antigens and immunization
Polymeric flagellin (POL) donated by Dr M. Minami of this Institute, was conjugated to dinitrophenyl groups (Eisen, Carsten & Belman, 1954) . A preparation containing 4· 7 dinitrophenyl (DNP) groups per 40 000 molecular weight of tlagellin (monomeric unit) was used. Horse erythrocytes (HRBC) were purchased (Nippon Biotest Laboratories, Higashitogura 1-15-3, Kokubunji-shi, Tokyo, Japan). Mice were immunized intraperitoneally (ip) with 5 pg of DNP-POL and intravenously (iv) with 0·2 ml of 5% HRBC simultaneously in each individual animal, and the direct plaque-forming cells (PFC) per spleen were assessed on the 4th day after immunization. The antigens were prepared in saline.
Antisera
Anti-brain-associated (j sera (anti-Thy-l) were raised in rabbits by the method of Golub (1971) with slight modifications. The sera were absorbed 3 times with mouse erythrocytes, then 3 times with mouse liver homogenate, and finally once with nu/nu mouse spleen cells. Anti-mouse immunoglobulin sera (anti-MGG) were produced by immunizing rabbits with mouse immunoglobulin (Ig). Mouse immunoglobulin (MGG) was prepared as preciptin line in agar gel by immunoelectrophoresis (Nariuchi, Usui, Fujimoto, Hirokawa & Matsuhashi, 1971 ). Anti-rabbit IgG sera (anti-RGG) were raised in guineapigs by immunizing with rabbit IgG purified by diethylarninoethyl (DEAE) cellulose (Seikagaku Kogyo Co. Ltd., Nihonbashihoncho 3-7, Chuo-ku, Tokyo, Japan) column chromatography in 0·01 M phosphate buffer at pH 7·8. 10 mg of RGG was injected into footpads as complete Freund's adjuvant emulsion and 4 weeks later boosted ip with 10 mg of RGG: the antisera were obtained 7-10 days later.
Conjugation offluorochrome with immunoglobulin
The purification of IgG fraction from the antisera (anti-MGG, anti-RGG) and their conjugation with fluorescein isothiocyanate (FITC; International Biological Supplies Inc., 7725 W New Haven Avenue, Melbourne, Lot 108A5, Australia) were performed essentially following the method described by Kawamura (1977) . The IgG fractions were obtained from the sera by precipitating with ammonium sulphate at 50% saturation and thereafter 3 times with a 33% solution. The precipitate was dissolved in a small volume of saline and dialysed against phosphatebuffered saline (PBS) to remove ammonium sulphate. The IgG fraction thus obtained was conjugated with FITC (10 pg FITC/mg protein). The conjugation was performed at 7-9°C for 4 h maintained at pH 9·5 by 0·05 M carbonate-bicarbonate buffer. After the reaction, free FITC was removed by passing through a Sephadex G-25 (Pharmacia Fine Chemicals AB, Box 175, S-751 04 Uppsala 1, Sweden) column equilibrated with 0·005 M phosphate buffer at pH 7·2 containing 0·1 M sodium chloride. The FITC-conjugated IgG was further fractionated on a DEAEcellulose column equilibrated with 0·005 M phosphate buffer at pH 7·2 containing 0·1 M sodiur.'1 Kuhara, Fujiwara, Sudo, Suzuki & Kawamura chloride to separate the Ig molecules with a desirable (1·0-1·5) FITC/protein molar ratio (F/P ratio). The labelled IgG fractions of higher F/P ratio than 2·0 were discarded, since they tend to bind non-specifically on to cellular membranes because of their strong negative charge.
Membrane immunofluorescence
Spleen-cell suspension was prepared by teasing the spleen through a stainless-steel sieve in balanced salt solution (BSS) (Dresser & Greaves, 1973) . For the detection of surface immunoglobulin (slg), 0·01 M sodium nitrite at a final concentration was added to BSS (NaN }-BSS)to avoid polar redistribution (capping) of slg. Spleen cells (I x 10 6 /0.1 ml) were treated with FITC-labelled anti-MGG at 37°C for 60 min and then washed twice with NaN}-BSS. As a control, FITC-labelled normal rabbit IgG was used. For the detection of Thy-l antigen, spleen cells were first treated with anti-Thy-l at room temperature for 30 min, washed 3 times and thereafter FITC-coupled anti-RGG was added to react further for 60 min at 37°C. The cell suspension was washed twice before observation. As a control, normal rabbit serum absorbed in the same way as anti-Thy-l was used. The cells treated with FITC-conjugated antibodies in this way were observed with a fluorescence microscope equipped with a mercury lamp. Approximately 200 cells were counted to enumerate the percentage of fluorescence-positive cells. Control staining was almost always negative.
Cell transfer experiment
Type I nu/nu mice were injected iv with 5 x 10 7 thymocytes from DDD mice of 4 weeks of age. 2 days after the cell transfer they were immunized with 2 x 10 8 HRBC iv and splenic PFC were assessed 4 days later (primary response). For the secondary response, mice were challenged with 2 x 10 8 HRBC 11 days after the first immunization, and PFC in the spleen examined 4 days later. The antibody response to a thymus-independent antigen (5 pg DNP-POL ip) was also investigated simultaneously in each individual mouse on the 4th day after immunization.
Plaque-forming cell (PFC) assay PFC in the spleen were counted 4 days after the immunization by the method of Cunningham & Szenberg (1968) with slight modifications (Kaplan & Cinader, 1973) . Anti-DNP PFC were assessed as described in detail elsewhere (Kuhara, Fujiwara & Kawamura, 1978) . Briefly, goat erythrocytes (GRBC) coupled with dinitrophenilated mouse serum albumin (DNP-MSA) via 0·5 mM chromic chloride were used as target cells.
-The number of PFC in unimmunized animals (background PFC) is indicated in the parentheses. 
Discussion
The results presented here indicate that there are no significant differences in the immunological properties of nude mice born of homozygous parents (type I) and those born of heterozygous mothers (type II). The proportion of Thy-I-positive (T) lymphocytes in the spleen was estimated by membrane immunofluorescence: no significant differences were observed between type I and type II nulnu mice (Table 1) . These results coincide with those obtained by Loor et al. (1976) using a different mouse strain (BALB/c). On the other hand, Kramer & Gershwin (1976) showed that the number of Thy-I-bearing cells was
No. and Direct PFClspleen sex of mice anli-HRBC anti-DNP (background PFC)-Mouse strain since the mice showed a normal response to thymusindependent antigen (DNP-POL). It was then investigated whether thymus-cell transfer could restore the capacity to respond to a thymus-dependent antigen (HRBC) in type I mice in order further to confirm the normal function of B cells. The antibody response to a thymus-independent antigen (DNP-POL) was also investigated simultaneously in each individual mouse.
The results displayed in Table 3 show that the antibody response to a thymus-dependent antigen recovered considerably by the thymus-cell transfer and, in addition, in the secondary response strong indirect (IgG-producing) PFC response was obtained, confirming again the normal response of the B cells in type I mice. The antibody response to a thymusindependent antigen (DNP-POL) in these thymocytetransferred animals was equivalent to that of euthymic animals (Table 3) .
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Restoration of the capacity to respond to thymusdependent antigen (HRBC) by thymus-cell transfer in nude mice born of homozygous (nude) parents
It was shown in the previous experiment (Table 2) that the B cells in type I nulnu mice were fully functioning,
Results
Detection of Thy-i-positive cells and sIg-positive cells in the spleen oj nude mice born of homozygous nude parents
The percentage of Thy-I-bearing cells in the spleen of type I nulnu mice was examined in each individual mouse by the technique of membrane immunofluorescence. Type I mice were shown to possess 7· 1 and 6· 7% Thy-I-positive cells in the spleen of females and males respectively. Statistically no significant differences in the proportion of Thy-I-bearing cells were observed between type I and type II mice, nor in the number of splenic sIg-bearing cells ( Table 1) . The results obtained in euthymic DDD (+ 1+) and BALB/c (+1+) mice are shown for comparison.
Antibody response of nude mice born of homozygous nude parents
Antibody response of type I nulnu mice was compared with that of type II ( Table 2 ). The antibody response to a thymus-dependent antigen (HRBC) in both types was very poor (760-1920 PFC/spleen) compared with euthymic mice, and there were no significant differences between the 2 types of nude mouse. The level of response to HRBC in unimmunized nude mice (background PFC) was also the same in types I and II. When a thymus-independent antigen (DNP-POL) was administered, both types of nude mouse responded well, indicating that the B-cell function was comparable with that of euthymic mice. (nu/nu) mothers as assessed by trypan-blue exclusion using both AKR anti-Thy-I·2 and rabbit anti-brainassociated 8 antisera. However, different methods were used and it is possible that these could account for the differences in the results.
In any case, it is apparent that athymic nu/nu mice possess a small number of Thy-I-bearing cells (Raff, 1973; Loor & Roelants, 1974 , though it is not yet known whether these Thy-I-positive cells are functional or not. Therefore we examined the antibody response of nude mice born of homozygous parents or from heterozygous mothers, comparing it with that of euthymic mice. The results (Table 2) indicate that there are no marked differences in the antibody response to a thymus-dependent antigen (HRBC) between the 2 types of nu/nu mouse; the percent response of nude mice comparid with euthymic mice was 6·2% and 5·8% in types I and II female nulnu mice respectively. Kramer & Gershwin (1976) could not demonstrate a significant difference in the antibody response to sheep erythrocytes (SRBC) between these 2 types of nude mouse. From these data, it was concluded that nulnu mice born from homozygous parents could not be regarded as more completely devoid of functional thymus-derived These differences may be due to differences between the mouse strains DDD and N:NIH(S).
The functional intensity of bone-marrow-derived (B) lymphocytes in nude mice born from homozygous parents was shown to be normal by the normal response to thymus-independent antigen (DNP-POL) and the restoration of the capacity to respond to thymus-dependent antigen (HRBC) after the thymocyte transfer (Tables 2 and 3 ).
There were no differences in the percentage of Thy-I-bearing cells in the spleen between the 2 types of nude mouse, or in the responsiveness to thymusdependent antigen with the same background PFC levels. These results seem to suggest that Thy-Ipositive (T) cells found in congenitally athymic nude mice are neither transferred from heterozygous (nul +) mothers nor generated under the influence of maternal (nul +) thymus. The origin of Thy-I-positive cells found in nulnu mice remains to be further elucidated; one possibility might be that they are the precursors of T lymphocytes, differentiated from stem cells in bone marrow without the influence of thymus. The experimental data that cocultivation of spleen cells from nulnu mice (Waksal, Cohen, Waksal & Pierre, 1974) or from thymus-deprived mice (Wekerle, Cohen & Feldmann, 1973) 
